Since the two components of the 0 2 2 0 transitions were resolved, an analysis of the /-type resonance was carried out and the interval 0 2 2 0 -0 2° 0 has been determined to be -4.63(10) cm -" 1 . The result is in good agreement with the presently available determination of this level from vibrational spectra.
Introduction
Although the ground state rotational transitions of 16 0 12 C 32 S have been measured to high J with great accuracy 2 , the only previous accurate measurements of the excited vibrational states all fall below 65 GHz 3 . Millimeter wave measurements have only been carried out for one transition of 18 0 12 C 32 S and 16 0 13 C 32 S in various vibrational states and for the ground state of 16 0 12 C 34 S 4 .
We report here transitions in the ground state of both 10 O 12 C 32 S and 16 0 13 C 32 S as well as transitions in the lowest vibrational states of 16 0 12 C 32 S. The measurements were made at room temperature with samples of OCS having the natural isotopic abundances. All of the transitions were measured with the millimeter wave spectrometer described in Ref. 5 , which uses a free space cell and a small computer for data acquisition and signal averaging. The measurements were originally undertaken to check the operation of our frequency measuring system in the millimeter wave region.
Data and Results
In Table 1 the ground state transitions measured for 1G 0 12 C 32 S are listed. Half of these frequencies have also been measured by Winton and Gordy using the saturation dip technique 2 . In all but two Table 4 .
cases the present measurements fall within 17 kHz of the saturation dip values; the largest difference is 34 kHz. We thus feel justified in giving the estimated errors as shown, 15 kHz for measurements below 200 GHz and 30 kHz above 200 GHz (these measurements were carried out before recent improvements in the measuring accuracy of the spectrometer 6 ).
The rotational constants for the ground state were obtained by fitting the observed frequencies to the expression v = 2B0(J+l) -4 D0(/ + l) 3 + 2tf0(/ + l) 3 (3/ 2 + 6/ + 4) .
The constants for each of the other states considered here were obtained using the expression
We fit simultaneously, with weighting inversely proportional to the estimated errors, all reliable ground state data for 16 0 12 C 32 S as reviewed by Maki 7 . These data include the Winton and Gordy measurements 2 , and our measurements as given in Table 1 a From Ref. 4 . b Present work.
Johnson 4 in Table 2 . The rotational constants for this molecule given in Table 4 were found from a weighted fit of all six of these frequencies. The newly measured excited state transitions of The constants would not be improved by including the data of Ref. 3 , since the accuracy of the present frequencies is greater. The vibrational state 001 is the first excited state of the lower frequency stretching mode, following the notation of Reference In addition to the effective constants we have given in Table 5 the constants obtained by averaging the frequencies of the symmetric and antisymmetric components of the rotational Z-type doublets, 01 u '0 and 01 1(1 0, for each /. The vibrational interval 02°0 -02 2 0 was obtained by fitting the rotational transitions of the three components of the 2 v2 state to frequency expressions which consider the /-type resonance but neglect the effect of the Fermi resonances in which the 02°0 level is involved. Details of the analysis procedure may be found in Reference 8 The expressions for >'a, vs~ and apply to the frequencies for 02 2d 0, 02 2c 0 and 02°0 respectively. For a triatomic molecule the constants to be determined may be represented in the simpler notation Yu, Q and g. The values obtained for these three constants and given in Table 5 From the observed value of the 02°0 energy level 9 and the value of the 02 2 0 energy level calculated by Morino and Nakagawa 10 we find that the interval 02 2 0 -02°0 may be given by -4.8 cm -1 . More recently Fayt 11 has arrived at the value -5.105 (40) cm -1 for this interval, for which Ave obtained -4.63 (10) cm -1 . The Fermi resonance largely determines the vibrational interval, since the anharmonic contribution to g is only on the order of 0.02 cm^1 (Ref. 11 ), but /-type resonance dominates the effects on centrifugal distortion of these levels. The discrepancy between our value and that calculated by Fayt may be attributed to the 7-dependent effects of the Fermi resonance.
